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Description 

This invention relates to high performance display 
systems, and more particularly, to a frame buffer for use 
in such a high performance display system wherein im- 
age decompression is accomplished in real time. 

Scientific Visualization helps users better under- 
stand the large quantities of data with which they are 
dealing. These visualizations are typically computed on 
, a large super compute rs and are sent to user worksta- 
tions for viewing oyer a high speed network. One pow- 
erful technique for visualization is the use of motion to 
augment a user's understanding of the data. By creating 
animations which show various surfaces of the data be- 
ing viewed and displaying them as; a smooth motion se- 
quence, more information about the data being studied 
can be conveyed. 

As the user's display resolution increases, it is in- 
creasingly difficult to send.enough data over the network 
to provide the smooth motion required. Even with a high 
bandwidth communication network, transmitting 
enough data for smooth motion (30 frames per second 
or higher) is difficult without the use of some form of 
compression and decompression. 1 If each pixel is repre- 
sented by 24 bits, such that each 8 bit byte represents 
a color, then it can be shown that the data throughput , 
required to show motion is T =3H^V res F ref bytes per 
second, where T is throughput in bytes per second, 
is the hprizonta .1 resolution, or. number of pixels per scan- 
line, V res is the vertical resolution, or. number of scan- 
lines per frame, and F ref is the frame rate. 

In order to support the high bandwidth for real-time 
motion video, it is necessary to have; a very high band- 
width communication network. One such network is HP- 
Pi (High Performance Parallel Interface) • HPPI is de- 
signed to support a maximum data rate of 100 million 
bytes per second with a 32-bit wide data bus. However, 
the bandwidth of even HPPI may not be enough for high 
. resolution, real-time, smooth motion images. For exam- 
ple, in order to show a full scale image on a 2048 x 1536 
high resolution display monitor using a 32 bit wide HPPI 
bus, the maximum frame rate achievable is, 

PrerW^resVres) 

= 100,000,000/(3x2048x1536) 

= 10.6 frames per secorid 

where T hppi is the 100,000,000 bytes per second 
through-put on HPPI ; 

With only 10 6 frames per secpnd, any considerable 
motion of ah object is : rendered jerky. One way to 
achieve smoother motion is to use a communication net- 
work with an even higher bandwidth. However, such a 
high bandwidth communication network is expensive. It 
may not justify the cosVperfprmahce ratio for most us- 
ers. An alternate way of achieving real-time motion im- 
age communication is incorporating an image compres- 



sion/decompression technique. 

An advantage of using compression and decom- 
pression of images is that the storage required to record 
the image sequence at the source is reduced. A graph- 
5 ics server may generate a movie sequence, but store, 
only the compressed image data. This allows the use of 
the super computer QASD (i.e. disk) storage as a digital 
video recorder of substantially more image frames than 
is possible otherwise. Another advantage of compres- 
io sion/decompressipn is that the bandwidth required to 
transfer images is reduced. 

A favored compression algorithm is the block trun- 
cation method that is described in detail by Healy et al. 
in "Digital video Bandwidth Compression Using Tomca- 
ts tion Coding", IEEE Trans. Comm., COM-9, Dec. 1981, 
pp. 1809-1823. It provides high quality text and graphic 
image decompression and. reasonable quality televi- 
sion-like natural images. The compression method itself 
is not directly relevant to this invention and only certain 
20 aspects of it willbe reviewed. 

The basic idea of the algorithm is to represent each 
4 by 4 region of pixels (48 bytes, assuming 3 bytes per 
pixel) by two colors (6 bytes) plus a 16-bit wide MASK. 
The two colors are calculated statistically to best repre- 
ss sent the distribution of colors in the 4x4 pixel region. The 
two colors are called HI color and LO color. Each MASK 
bit determines whether the corresponding pixel should 
get either a HI or LO color. When the MASK is T, then 
the corresponding pixel gets the HI color; and when it is 
30 "0', then the corresponding pixel gets the LO color. This 
is illustrated in Fig. 1 , which shows the bitmapping of a 
4 x 4 pixel region 20 to its MASK 22 Since 4x4 pixels 
can be represented by using HI and LO colors (3 bytes 
each) and a 16 bit MASK (2 bytes), the compression 
35 ratio is R c ^ p =48/(3+3+2) =6: 

■ the-decqmpression mechanism is simpler than that 
of compression. For each 4x4 pixel matrix, a destination 
device receives two colors (HI and LO) and a 16 bit 
MASK. For each bit of the MASK, the corresponding pix- : 
el in the 4x4 pixel matrix gets either the HI color, if the . 
MASK bit is T, or the LO color if the MASK bit is *0*. Fig. 
2 shows the compressed data format of an arbitrary 4 x 
4 pixel area 24, where each pixel is either one of the two 
colors, A or B. 

45 In a typical system, data received over the network 
is temporarily buffered into a FIFO store. (first-in, first- 
out) until it is ready to be stored in a frame buffer. A pre- 
ferred frame buffer is comprised of video random access 
memories (VRAM's). Such VRAM's are operated in: the 

50 fast page mode where a memory cycle is typically 50 nS. 
• ; It is known that decompression can be done by stor- 
ing the compressed data format into a frame buffer and ; 
then decompressing the pixel data at the time of video 
refresh.. Another method is to decompress an image pri- 

55 or to storing it into the frame buffer. Although the first 
method requires less frame buffer memory than the sec- 
ond, it presents problems because the compressed pix- 
el data.format cannot easily be used for data manipula- 
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tion and almost any such operation requires the pixel 
data to be decompressed first. Also, if the frame buffer 
stores only a compressed data format* then another 
frame buffer is needed to store uncompressed images. 
The solution is to decompress the data.priqr to storing 
it into the frame buffer, such that the frame buffer con- 
tains only a R, G, B pixel format : 

There are a number of problems associated with 
decompression. The first is that the decompression 
. must be done in real-time in order for the frame buffer 
not to be the bottleneck in the system. For example, for 
the HPPl bus, a transmission of 4x4 pixel compressed 
data takes nominally 80 hS. In order for the frame buffer 
not to be a bottleneck it must be able to perform the de- 
compression in 80 nS per compressed data set. The de- 
compression should be done in a cost-effective way, us- 
ing parts that are available off-the-shelf. . 

A classical solution that improves a memory's band- 
width is to interleave the memory. There are two ways 
to interleave a memory. One is to access the interleaved 
memory in parallel such that, in one memory access 
time, there will be N operations for an N way interleaved 
memory. The second is to acqess interleaved memory 
in a time-serial overlapped manner, such that another 
memory access to a diff erent module can be started 1/N 
memory cycle period later for an N-way interleaved 
memory. 

In either case, the frame buffer should be designed 
such that the decompression bandwidth is greater than 
or equal to the communication network band so 
that the. frame buffer is not the bottleneck of the system. 
In order to maximize thebandwidth, each memory mod- 
ule should have an independent data path and separate 
controls such that all modules can operate in; parallel. 
Notice that as described before, : in case of HPPI com- 
munication network, 16 pixels of information is trans- 
ferred every 80 nS (16 pixels / : 50 nS = 200 million pix- 
els/seconds). If 50 nS bandwidth memory chips are 
used within, the memory "modules, then N must be at 
least 10(10 pixels / 50 nS = 200 million pixels/ second). 
If N lis 16, then a maximum bandwidth of 320 million pix- 
els per second can be achieved (16 pixels / 50 nS). Al- 
though simple memory interleaving gives the best per- 
formance, it does not justify the complexity and cost of 
having multiple memory modules, each with its own sep- 
arate data path and controls. 

the second problem is that there must be access 
to the frame buffer from: a local workstation. Further- 
more, this access i must. be : either in hop -compressed 
mode or compressed mode! Nori-compressed mode ac- 
cess is important if the decompressed data is used by 
the local workstation for; image man The com- 

pressed mode access also allows an increase in per- 
formance of the local workstation- 
/ Tha third problem is that for a high resolution mon- 
itor, the serial output of the VRAMs must be interleaved 
to^ provide the bandwidth necessary for that monitor 
Since current VRAMs have serial output bandwidths of 



approximately 33 Mh2, a typical frame buffer design has 
serial output ports interleaved depending on the at- 
tached display. For example, for a monitor resolution of 
1 280 x 1 024, the video bandwidth is 1 1 0 Mhz. Thus, four 
5 way VRAM serial output interleaving is sufficient for 
such resolution. However, for a monitor resolution of 
2048 x 1536, the video bandwidth is 260 Mhz. This re- 
quires eight-way interleaving, since four way interleav- 
ing only gives 4 x 33 Mhz, or 1 32 Mhz, but 8 ways gives 
io 264 Mhz. The frame buffer design and the decompres- 
sion design should be able to provide flexible video out- 
put bandwidth such that the design js not limited to a 
monitor's resolution. 

The prior art shows a variety of image compres- 
15 sion/decompression schemes. 4 

In U.S. Patent No. 4,857,992, issued August 15, 

1989, entitled "Image Display Apparatus and Method" 
to Richards there is described a hardware compres- 
sion/decompression mechanism in which an image Js 

20 characterized by two sets of digital data. The first set of 
data is achieved by low-pass filtering the original image 
and then by sub-sampling of it The second set of data 
is a delta pulse-code modulated set between the inter- 
polated image of the first set and the original image. 

25 These two sets of data are compressed using run length 
coding techniques. 

In U.S. Patent No. 4,975,771, issued December 4, 

1990, entitled "Method And Apparatus For TV Broad- 
casting" to Kassatly there 1 is described a method in 

30 Which multiple channels of video can be broadcast on a 
single channel carrier by compressing the video data 
and then time-multiplexing as packets on the broadcast 
medium. Basically, this patent shows how a video signal 
carrier can be used more efficiently by transmitting nriui- 
35 tiple channel video on a single carrier. 

In U.S. Patent Nb T 4,970,663, issued November 13, 
1 990 entitled "Method and Apparatus For Manipulating 
Digital Video Data" to Bedell et aL there is described a . 
method for improving .image quality by using a com pres- 
to sion method in which 15 bit red, green, blue source im- 
age data is sub-sampled and; then converted into 8-bit 
LUV luminance and chroma values. On a display, the 
LUV format data is expanded to a full resolution using . 
a dithering technique.' 
45 in U.S. Patent No. 4,797,729, issued January 10, 
1989 entitled "System Incorporating An Error Tolerant 
Picture Compression Algorithm" to Tsai, there is de- 
scribed a method of compression/decompression that 
is based on bbck : truncation techniques. Decbmpres- 
so sion is accomplished serially through the use of multi- 
plexers and registers. Both HI and LO color data are 
loaded, into two registers, then the HI and LO data is 
chosen based on a bit MASK in pixetserial order, the 
patent discloses the use of Y, I, Q color signal compo- 
55 nents and for the Y component, for instance, it requires 
1 6 cycles to complete the decompression of a 4 x 4 set 
of pixels. Because of the serial nature of the decompres- 
sion, its bandwidth is limited. 
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in U.S. Patent No. 4,580,134, issued April 1, 1986 
. entitled "Color Video System Using Data Compression 
and; Decompression" to Campbell et aj., there is de- 
. scribed a system forencoding,.transmitting I :storing, and 
generating color images: This patent also; uses block- 
truncation techniques wherein the compressed data 
blocks are stored into a block buffer memory. Then, the 
: patent describes the use of "fast" serial decompression 
logic at the video output path: This system requires very 
sophisticated and expensive pn-therfly decoding cjrcuit- 
ry to enable data transfer to a hjgh performance graph- 
ics display. Furthermore, since the frame buffer only 
stores the compressed data format, if cannot be used 
to store non -compressed images. Since block trunca- 
tion techniques employ a lossy compression/decom- 
pression method, a noh-cbmpressed mode is desirable 
when the quality of an image is the most important fac- 
tor. 

In U.S. Patent No. 4,564,915, issued January 14, 
1986 entitled "YIQ Computer Graphics System" to 
Evans et al. there is described a computer graphics sys- 
tem that provides a color television raster scan video 
output. The architecture shown therein permiis the 
frame buffer to be upgraded from a simple color map 
system to a RGB, full color resolution system but re- 
quires added memory storage. 

In U.S. Patent No: 4,541,010, issued September 
10, 1 985 entitled "Electronic Imaging Camera" to Alston 
there is described an electronic camera utilizing a 
charge coupled device array as both an image sensing 
device arid a buffer memory. A method is detailed in 
which a preview mode can be shown on a CRT monitor 
at a video rate without requiring another dedicated buff- 
er : .' :. \ ' . ' ..." ;. ;v- ;*. : : /." \ '/•':.:•••" . : :- : 
■ An IBM" Technical ^Disclosure Bulletin, August, 
1985, pp. 958-959, to Asario describes an image com- 
pression/decompression scheme wherein image de- 
compression occurs prior to storage in an image buffer. 
Subsequently, the stored Jmage is mapped to an all- 
points-addressable memory for display in accordance 
with an accompanying command..; 

Accordingly, it is ah object of this invention to pro- 
vide an improved display system which preferably ex- 
hibits a frame buffer capable of real-time image decom- 
pression. 

The object of the invention issolved basically by the 
. features laid down in the independent claims. 

The invention particularry provides an improved dis- 
play system wherein image decompression can be 
achieved on a real time basis fpr a high definition display 
; image and espec ial ly an jmprbyed disp lay system which 
is capable of employing off but yet 
exhibits substantially : improved system performance 
characteristics. 

: A display system is described which includes stor-. 
age for receiving a compressed pixel image manifesting 
at least a pair of encoded colors and a bit MASK that 
defines which pixels, of a pixel subset of the pixel image 



receive one of the colors. The system comprises a plu- 
rality of memory modules. The pixels in the subset are 
interleaved in the memory modules. A generator is pro- 
vided for applying signals to cause data to be written 

s into each of modules in parallel. Register means are pro- 
vided for applying data manifesting the encoded colors 
to the modules. Control apparatus is responsive to the 
MASK bits for controlling the generator to write the en- 
coded color data, in parallel and in a single memory cy- 

1Q cle, into all pixel positions of the subset that are desig- 
nated for the color(s) by MASK bit position values. 

In the following a preferred embodiment of the in- 
vention is described in more detail with reference to the 
drawing in which 

Fig. 1 is a representation of a 4x4 pixel map arid 
shows how its individual pixel positions there- 
of map into a 1 6 bit MASK pattern that is used 
to identify color allocations thereto. 

20 

Fig. 2 shows a compressed data format of an arbi- 
trary 4x4. pixel area, where each pixel is as- 
signed one of two encoded colors. 

25 Fig. 3 is a schematic illustrating the relationship of 
the pixels on a display surface to memory po- 
sitions in a 4x4 module frame buffer (and with- 
in one module thereof). 

30 Fig. 4 is a block diagram showing the elements of 
an embodiment of the invention. 

Fig. 5 is a block diagram of circuitry for generating 
CAS* signals in response to MASK and con- 
35 trol inputs. 

Fig. 6 is a waveform diagram illustrating the opera- 
tion of a conventional VRAM. 

40 Fig. 7 illustrates the decompression memory cycle 
employed by the invention. 

Fig. 8 is a block diagram of an embodiment of the 
invention enabling extended video-rate per- 
45 formance. 

Fig. 9 is a block diagram of an embodiment of the 
invention enabling interfacing to higher band- 
width communication networks. 

50 

Fig. 10; is a block diagram of an embodiment of the 
invention enabling higher resolution frame 
: buffer operation. 

55 Referring now to Fig. 3, the interrelation between a 
display 30, a 1 6 memory module f rame buffer 32 and an 
individual frame buffer module 34 will be hereinafter dis- 
cussed. Display 32 is, for example, comprised of 1024 
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x 1024 pixels that are displayed in a raster manner. The 
expanded subsection 36 shows the upper left-hand cor- 
ner of display 30 and comprises a 4 pixel x 4 pixel subset 
and indicates the respective addresses of each of the 
pixels therein. Each pixel address has a column indica- 
tion followed by a row indication with the upper left hand 
pixel having an address (0,0), followed by (1,0), (2,0) 
etc. on row p. Each pixel is represented by 3 bytes (8 
bits each) of color information. 

A 4x4 interleaved frame buffer 32 is employed to 
store the pixel information from display 30 and compris- 
es 16 memory rnodules M0- M 15; Each memory module 
is 256 x 256 x 24 bit positions. The pixel addresses are 
interleaved into frame buffer 32 both vertically and hor- 
izontally, such that each pixel of a 4x4 pixel matrix re- 
sides in a different memory module. For example, for 
the 4x4 matrix 36 shown in display 30, address (0;0) re- 
sides in memory module M0; (1,0) in memory module 
M1 , (2,0) in memory module M2, etc. Similarly, pixel ad- 
dress (0,1 ) resides in memory module M4; (0,2) in mem- 
ory module M8, etc. At 34, a blow up of module M0 is 
shown indicating the pixel addresses stored therein. In 
the known manner, every fourth pixel address can be 
found therein (both rows and columns). 

It can thus be seen, assuming 4x4 subsets of the 
pixel matrix are operated upon, that memory modules 
M0-M15 can be operated simultaneously to alter the 
state of pixel data stored therein; As will be hereinafter 
apparent, the interleaving shown in Fig. 3 enables, in 
combination with the incoming data format, real-time de- 
compression to occur. 

To reiterate, data is received iri the format shown in 
Fig. 2 with compressed pixel data being received in two 
succeeding 32 bit words. A first word includes 24 bits 
(0:23) indicating a: first color. (A) and an 8 bit. (24:31) HI 
word MASK. The next 32 bit word contains the succeed- 
ing color (color B) and an eight bit LO word MASK. To- 
gether, the LO and HI word masks map the two colors 
A and B onto the respective pixel map positions in a sin- 
gle decompression m4f09^''l^c\e.- : :. 

In the following description, it is assumed that frame 
buffer memory 32 is comprised of VRAM memory chips 
that employ row address strobe (RAS) signals and col- 
umn address strobe (CAS) signals. As is known to those 
skilled in the art, those signals are active in the inverted 
state and will be indicated as such in this text when the 
signal designation is shown as RAS* or CAS*. 

The frame buffer system shown in Fig. 4 comprises 
a state machine 50 which provides both address and 
timing control signals on its output lines. State machine 
50 is essentially a sequencer that is organized by a cen- 
tral processor (not shown). The system further includes 
a FIFO store 52 which feeds into registers R1 , R2, R3, 
R4 and R5. Compressed data is fed to FIFO 52 via data 
in cable 54. A CAS* generator 56 has applied thereto 
bit MASK portions from registers R4 and R5 and a pair 
of control signals CASHI* and CAS LO*. A workstation 
58 is also interconnected with CAS* generator 56 and 



register R2 to enable a workstation 58 to also access 
frame buffer 32. Frame buffer 32 is organized as shown 
in Fig. 3 and comprises a 4x4 matrix of modules 
M0-M15. 

5 In Fig. 5, details of CAS* generator 56 are shown. 
Sixteen/multiplexers (MUX1 through MUX! 6) receive 
CASLO* and CASHI* input levels. As will become ap-. 
parent hereinafter, the CASLO* and CASHI* levels be- 
come active at different times in a single memory cycle. 

10 in addition, a bit level from the 16 bit MASK pattern is 
applied to each multiplexer as a controlling input and 
causes the respective multiplexer to provide an output 
upon the occurrence of the active state of one of its con- 
trolling inputs. If the MASK input is a 1, the respective 

'5 MUX selects CASHI* and if the MASK input is a 0, the 
respective MUX selects CASLO*. Since CASLO* and 
CASHI*:levels become active at different times in the. 
cycle, 16 CAS* levels are produced on output cable 60 
in a single memory cycle. Each CAS* level controls the 

20 writing of a color value into a respective pixel position 
of one of the 1 6 pixels within the 4x4 pixel matrix. 

For the simplicity of description the Hf color write 
will be described as preceding the LO color write for a 
given set of compressed data. This is not, however, a 

25 limitation of the invention, since either order can be 
used. 

The method to be described hereafter for generat- 
ing CAS* signals allows an 80 nS decompression cycle. 
The method reduces the time it takes to activate two 

30 CAS signals, CASHI* and CASLO*, where CASHI* is 
used to load the HI cojpr and CASLO* is used to load 
the LO color. All Hi colors of a compressed data set are 
stored into VRAMs using the same row and column ad- 
dresses and are loaded during a CASHI* active time in 

35 a single memory; cycle. When CASLO* becomes active 
later in the same memory cycle, all LO colors are loaded, 
thus enabling; 16 pixel positions to be loaded with both 
colors in a single memory cycle. . 

Figure 6 shows a typical timing diagram specified 

40 for a VRAM. The timing information is froim a Mitsubishi, 
1 Mbit VRAM part number M5M442256JL-8! This timing 
information determines the performance of the frame 
buffer. 
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* t pc - Fast Page Mode Cycle Time. Minimum of 50 nS 

* ^ - CAS -Pulse Width. Minimum of 25 nS. 

* t cp - C AS-Precharge time for Fast Page Mode. Min- 
imum of 10 nS. 

* t dsc - Data Setup Time. Minimum of 0 nS. 

* W " Da - a Ho,d Ti me - Minimum °f 25 nS - 

* tasc " Column Address Setup Time. Minimum of 5 .... 
nS. , : . 

* t cak - Column Address Hold Time. Minimum. of 20 
nS. 

Fig. 7 shows the timing diagram of a fast com- 
pressed mode page mode cycle used by this invention. 
A less than 1 0OnS (2t p6 ) cycle is achieved using a VRAM 
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with t pc of 50 nS. As shown in the timing diagram, 
CASHI* and CASLO* signals can be overlapping. This 
is possible, since for a compressed mode memory cy- 
cle, only one CAS* is selected, whether it be CASHI* or 
CASLO*, but not both at the same time. M HI and M LO 
on the DATA Line indicate when the HI and LO colors 
are manifested by register R2 in a memory cycle. The 
minimum possible cycle time for decompression is, T cmp 
= t r +-t2, where ^ is t dh6 (Data hold time) and t 2 is t^ 
(Page Mode. Cycle)., 

It should be noted that ^ is necessary so that data 
hold time for the first color write cycle is hot violated. 
Time t 2 is necessary due to the memory operation where 
a memory module has a LO color compressed mode 
followed by a Hi color compressed mode. The separa- 
tion between these two consecutive CAS* falling edges 
must be at least t„. 

Pv 

As indicated above, a Mitsubishi, 1 Mbit VRAM ex- 
hibits a, ^=25 nS and a ^=50 hS. Thus ideally, t^ 
mp =75 nS. With 75 hS decompression, HP PI com- 
: pressed data can be received at full transfer rate. Since 
the time required for a decompression is reduced from 
1 00 nS to 75 hS, the performance improvement due to 
the two CAS method is, R 2cas =1 00/75=1 .33. 

In order for the frame buffer not to be a network bot- 
tleneck; the relationship T £ NP must hold true, where 
T is the throughput of the network, N is the number of 
4x4 memory modules interleaved, and P is the perform- 
ance of the frame buffer decompression for a 4x4 mem- 
ory mod u le. For H PPI , T = 200 million pixels/second. If 
a two CAS* method is not used, then with a single 24 
bit R, G, B data path, each decompression takes 100 
nS with a 50 riS VRAM, this results in P - 160 million 
pixels/second. Therefore, in-order for the frame buffer 
not to be the bottleneck, N must be:>= 2; Another 4X4 
memory module is needed which operates in parallel. 
Alternately, an expensive method of inter leaving, where 
each memory module has its own separate data path 
and controls may be used. Howeveri jf a two CAS* meth- 
od is used, then P = 213 million pixels/second can be 
achieved Therefore only one 4X4. memory, module with 
only a single 24 bit R, G, B data path is heeded. 
.;" Referring now backto Fig. 4 in conjunction with Fig. 
7, the operation of the on-line decpmpression/buffer 
system will be described: Succeeding 32 bit data words 
are fed via data input 54 into FIFO store 52. A free run- 
ning system clock (SYSCLK) is generated by state ma- 
chine 50 and controls the operation of FIFO 52 as well 
as synchronizing the remaining components of the sys- 
. tern.. V':.- i •.. "'• '• '• 
, .• When enough data has been received in FIFO 52, 
the FIFO RDY* signal is act^ that there is 

data in FI FO 52 to be f)r^ 50 rec- 

ognizes that signal and enters the fast page memory ac- 
cess mode by activating commuhicatioh: mode signal 
COM MODE* and RD FIFO* until it aborts the fastpage 
memory mode access ': upon detecting : FIFO almost 
empty (FIFO AE*), State machine 50 also generates a 



load MASK enable signal (LD MASK*) every second 
SYSCLK for the duration of RD FIFO*. Note that since 
the compressed data always comprises a pair of 32 bit 
words, the duration of FID FIFO* is always a multiple of 
s two SYSCLKs. 

24 bit color data (23:0) is read out of FIFO 52 and 
piped to registers R1 and R2. HI MASK bits (15:8) are 
also read, out of FIFO 52 and are temporarily stored in 
register R3 for a clock period and are then loaded into 

10 register R4, on the same clock period when LO MASK 
bits (7:0) are loaded into register R5. The 16 MASK bits 
(1 5:0) are held in registers R4 and R5 while HI and LO 
color data bits are successively loaded into register R2 
and are driven into memory modules 32. 

f £ : Memory 32, as described above, is configured with 
4x4 memory modules, with pixels interleaved therein in 
both the horizontal and vertical directions in a 4x4 pat- 
tern. CAS* generator 56, in a memory cycle, provides 
1 6 CAS* signals whose levels are controlled by the color 

20 MASK. During the first portion of a decompression cycle 
(i.e. CASHI*), a 24 bit HI color is broadcast from register 
R2 to memory, modules 32, and CAS* generator 56 gen- 
erates active levels on those of its output lines that cor- 
respond to bit positions exhibiting a 1 level in the bit 

25 MASK. This enables the HI color data to be written in 
parallel into selected pixels corresponding to the high . 
order MASK bit positions that are at the 1 level. On the 
second part of the decompression cycle (i.e. CASLO*), 
the.LQ color pjxels are written under control of the 0 bits 

30 in the bit MASK, thus completing a decompression cy- 
cle: 

The above operation is partially illustrated in Fig. 7 
where, when CASHI* drops to the active state, 1 bits in 
the MASK cause CAS* signals to be applied to memory 

35 32 so that the HI color bits emanating from register R2 
are written to the16 pixel memory positions. In a similar 
manner, when CASLO* drops to the active level, the LO 
color bits are written to the pixel positions corresponding 
to the 0 bits in the MASK. 

40 Workstation 58 (see Fig. 4) also has access to buff- 
er memory 32 via busses 60 and 62. Through appropri- 
ate imposition of MASK bits on bus 60 and color data \ 
on bus 62, the CASHI* and CASLO* signals can achieve 
the writing of the color data into memory modules 32, 

45 as above noted. 

When a very high resolution frame buffer is desired, 
the video clock rate cannot be ignored. For example, a . 
VRAM has a serial port which can be operated at 33 
Mhz. But, for a 60 Hz, 2048 x 1536 resolution monitor, 

50 the video clock speed is in excess of 260 Mhz. It can be 
seen that (260 Mhz / 33 Mhz) = 7.88. In order to match 
the video clock, the VRAM must be interleaved a mini- 
mum of 8 ways to provide enough serial output band- 
width for the high resolution monitor. The design shown. 

55 in Fig. 4 is modular and the video output bandwidth can . 
be increased to, 4P of a single VRAM serial output, 
where P is a positive integer which represents the 
number of 4x4 sets of memory modules being used. 
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This allows the system's video throughput to be in- 
creased to match any resolution monitor A 60 Hz, 2048 
x2048 resolution monitor requires a 360 Mhz video rate. 
Since (360/33)= 1 0.9, then P=3 would provide enough 
video bandwidth: . 

As shown in Fig. 8, this can be done by adding more 
4x4 memory modules onto the main bus. A module con- 
sists of CASGEN* and a:frame buffer (FB). The 4x4 
memory elements themselves are interleaved. In other 
words, a first module will have pixels 0 through 3, a sec- 
ond module will have pixels 4 through 7/ until a j-th mod- 
ule which will have pixels 4Q- 1 ) throu gh 4G-1 ) + 3. The 
controlling state mach ine (SM) must be modified in a 
way that it selects the correct CASGEN* and frame buff- 
er when memory requests are made. Using this modular 
4x4 approach, a video output throughput can be extend- 
ed indefinitely to match any video rate for any monitor. 

When the design requires interfacing to an even 
higher bandwidth communication network, it can be 
modified to accept higher throughputs from the network 
by parallelizing the input.. This can be done by adding 
more FIFO's, CASGEN's, and FB's with a slight modifi- 
cation to the existing SM. Figure 9 shows an example, 
where there are three sets of FIFO's, CASGEN's, and 
FB's. With this arrangement, there will be parallelization 
among three modules to increase the performance by a 
factor of 3. Due to the modular approach, the number of 
FIFO's, CASGEN's, and FB's added can be increased 
indefinitely to match any network bandwidth. . 

the resolution of the frame buffer can also be ex- 
tended. For example, if each memory; module is de- 
signed using 1 million bit VRAMs, each of which is con- 
figured as 512 rows^y 512 columns by 4 bits each, then 
■ the 4x4 memory modules are conf igu red as 2048 rows 
by 2048 columns by 4 bit-planes. This can be extended 
to match any system requirement. First, increasing bit- 
planes per pixel can be done by adding more VRAMs. . 
For example, if a 30 bit R.G.B data format is. used, then 
eight 1 Mbit VRAMs per memory m used 
(th is/ configuration can provide up to 32 bit-planes). Al- 
though 2048 x 2048 resolution frame buffer is adequate 
for the most applications, there are situations such as 
double buffering, real-time panning, or higher resolution 
monitors where even larger frame: buffer con^^ ; 
are needed. 

The invention may be extended indefinitely in both 
horizontal and vertical directions to accommodate any 
size frame buffer. lf the frame buffer needs to be extend- 
ed horizontally, then more 4x4 modules can be added 
hprizonta I ly as shown on Fig. 10, where there are P 4x4 
memory modules horizontally which provide a total of 
2048P horizontal pixels jf the frame buffer needs to be 
extended vertically, then more horizontal rows of P 4x4 
modules can be added vertically, as shown, where there 
are N 4x4 memory modules vertically which provides a 
.total of 204BN vertical pixels. 

It should be understood that the foregoing descrip- 
. . tioh is only illustrative of the invention. Various alterna- 



tives and modifications can be devised by those skilled 
in the art without departing from the invention. Accord- 
ingly, the present invention is intended to embrace all 
such alternatives, modifications and variances which fall 
5 within the scope of the appended claims. 



10 1 . A display system comprising storage means adapt- 
ed to receive compressed pixel image data mani- 
festing at least a pair of encoded colors and a bit 
mask comprising bit positions with assigned values 
that define which pixels in a pixel subset of said pixel 

is image receive one of said colors, said system fur- 
ther comprising: 

a plurality of memory modules for storage of 
said pixels, said memory modules being adapt- 
ed to store said pixels in a said pixel subset in 
an interleaved fashion, such that each pixel of 
a said pixel subset resides in a different mem- 
ory module; 

generator means for applying signals to cause 
data to be written in parallel into said plurality 
of modules; 

register means for manifesting said encoded 
color data; and 

means for controlling said generator means to 
write the color data which is encoded by means 
of said compressed pixel image data and said 
bit mask into all prxel positions of said pixel sub- 
set designated^ for said color by said mask bit 
positions. 

2. The display system of claim 1 . wherein said pair of 
40 encoded colors are written in parallel into said mem- 
ory modules in a single memory cycle, each said bit 
mask bit position mapped onto a specific memory 
module, said system further comprising: 

45 control means for activating a first signal during 

said single memory cycle to operate said gen- 
erator means to write first encoded cblor data 
into said memory modules under control of first 
value manifestations of said mask's -bit posi- 

50 tions and for activating a second signal during 

said single memory cycle to write second en- 
coded color data into said memory modu les un- 
der control of second value manifestations of 
said mask's bit positions. 

55 

3. The display system of claim 2, wherein said first and 
second signals are activated so that portions there- 
of overlap. 
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4. The display system according to any one of the pre- 
ceding claims, wherein said memory modules com- 
prise a 4x4 array of modules, 4x4 pixel data subsets 
; in said modules interleaved so that each pixel in a 
said 4x4 pixel data subset resides in a different said s 
module of said array 

• 5. The display system according to any one of the pre- 
ceding claims, wherein each said modu le is a video 
random access memory that employs: concurrently 10 
applied row address strobe (RAS*) arid column ad- 
dress strobe (CAS*) signals to accomplish data 
writes and wherein said generator means is ener- 
gized by said first signal to apply column address 
strobe (CAS*) signals to pixel storage positions cor- is 
responding to mask bit positions that manifest a first 
kind bit value,: arid to apply a second set of column 
address strobe (CAS*) signals to pixel storage po- 
sitions corresponding to mask bit positions that 
manifest second kind bit values. .• 20 

6. The display ; system according to any one of the pre- 
ceding claims, wherein said register means mani- 
fests said first of said pair of encoded colors during 
a first portion of said memory cycle and a second 2s 
of said pair of colors during a second memory por- 
tion of said cycle, whereby said pair of colors are 
written to all said 4x4 pixel subset in said modules 
in said single rnembry cycie^,^^: . ; 
' v . ■ ■ ■ ' ". ''' ^' v ' r; ; ; {.:'.- ' . ' 30 
. ; 7- The display system according to any one of the pre- 
ceding claims said bit mask including bit positions 
with assigned values that define which pixels in an 
. h x m pixel subset of said pixel image receive one 
of said colors,. . 35 

in said plurality of memory modules, each mod- 
ule comprised of a set of submodules, a row of 
n pixels in a pixel' subset stored across a row 
of ri submodules in a riiemory module in an in- 40 
terleaved fashion, additional series of n pixels 
in pixel subsets in said row stored in interleaved 
fashion in submodules in succeeding memory 
modules, all said memory modules connected 
in parallel; 45 

column address, strobe (CAS*) generator 
means associated with each memory module 
for applying column address strobe (CAS*) sig- 
nals to enable date to be written into submod- so 
ules within said associated memory rhodule; 

control means for causing sajd coiumn address . 
strobe (CAS*j generator means to write said 
encoded color data into storage areas within ss 
said submodules storing said pixel subset, un- 
der controlof said bii mask bit position values, 
. whereby a color, value is written in parallel, 
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across a plurality of said memory modules. 

8. The display system as recited in claim 7, wherein 
, all; said memory modules are connected in parallel 

to said manifesting means. 

9. The display system as recited in claim 7 or 8 further 
comprising: 

additional pluralities of said memory modules 
connected to said manifesting means, said 
memory modules arranged in columns and 
rows, whereby said control means enables 
color data to be written into interleaved pixel 
storage positions, in said memory modules. 

10. The display system according to any one of claims 
7 to 9 further comprising: 

additional means for manifesting said color en- 
coded data, all said means for manifesting in- 
dicating said encoded color data in parallel, 
each said manifesting means connected in par- 
allel to a plurality of said memory modules, 
whereby said control means is operative to 
cause each said color encoded data to be writ- 
ten: into said connect ed;memory modules in an 
interleaved fashion and in parallel. 

Patentansjprtiche 

1. Anzeigesystem Speichermittel umfassend, die so 
ausgelegt sihd, daB sie komprimierte Bildelemen- 
tebilddateh, die mindestens ein Paar cddierter F<ar- 
ben anzeigen, und eine Bitmaske empfangen, wo^. 
bei die Bitmaske Bitpositionen mrt zugeordneten 
Werten umfaBt, die definieren, welche BildelemenT 
te ihnerhalb eines Bildejemente-Untersatzes des 
Bildelementebildes eine der Farben erhalteawobei 
das System desweiteren umfaBt: 

eine vlelzahl Speichermodule zum Speichern 
der Bildelemente, wobei die Speichermodule 
so ausgelegt sihd, daB sie die Bildelemente in 
dem Bildelemente-Untersatz in verschachtelter 
Form speichern, so daB jedes Bildelement des 
Bildelemente-Untersatzes in ein em anderen 
Speichermodul stent; 

. G eneratp rm itte I zum An lege n von S ignalen , die 
bewirkeh, daB die Daten parallel in die vlelzahl 
Module geschrieben werden; 

Registermittel zum Anzeigen der codierten 
Farbdaten; und 

Mittel zuhn Steuern der Generatormittel, um die 
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Farbdaten, welche durch die komprimierten 
Bildelementebilddateh und die Bitmaske co- 
diert sind, in alle BNdeiementepositibnen des 
Bildelemente-Untersatzes zu schreiben, denen 
durch Bitpositionep in der Maske diese Farbe s 
zugewiesen ist, 

2. Anzeigesystem gemaB Anspruch 1, dadurch ge- 
. kennzeichnet, daB das Paar codierter Farben wah- 
rend eines ejnzelnen Speicherzykius parallel in die 10 
Speichermodule geschrieben wird, jede Bitposition 
der Bitmaske auf ein spezielies Speichermodul ab- 
gebildet wird und das System desweiteren umfaBt: 

Steuerungsmlttel zum; Aktivieren eines ersten is 
Signals zur Ansteueruhg der Generatormittel 
wahrend des ejnzelnen Speicherzykius, urn un- 
ter Steuerung eines ersten auf den Bitpositio- 
nen der Maske stehenden Wertes erste codier- 
te Farbdaten in die Speichermodule zu schrei- 20 
ben, und zum Aktivieren eines zweiten Signals 
wahrend des einzelnen Speicherzykius, urn un- 
. ter Steuerung eines zweiten auf den Bitpositio- 
nen der Maske stehenden Wertes zweite co- 
dierte Farbdaten in dje Speichermodule zu 25 
schreiben. 

3. Anzeigesystem gemaB Anspruch 2, dadurch ge- 
kennzeichnet, daB dje ersten und zweiten Signale 

so aktiviert werden, da3 Teile derer Oberlappen. 30 

4. Anzeigesystem gemaB einem der vbrhergehenden 
Anspruche, dadurch gekennzeichnet, daB die Spei- 
chermodule eine Matrix aus 4x4 Modulen umfas- 

. sen, wobei 4x4 : BildelementdaterirUntersatze in 35 
den Modulen so verschachtelt werdeh, daB jedes 
Bildelement in einem der 4x4 Bildelemehtdaten- 
: Untersatze in einem anderen Modui der Matrix 
: stent. ■'■ ' • ' i • : .•/•/•. , 

•.' - - .' .:• •;' ■' • " . . ; . •. ■ ';. ' • - . • 40 

5. Anzeigesystem gemaB einem der ybrt^ 
Anspruche, dadurch i-VgeKennzejcHnei! daB jedes 
der Module ein; vldeospeicher rriit wahlfreiem Zu- : 
griff ist, der gleichzeitig angelegte: Zeilenanwahlsi- 
gnale (BAS*) und Spalterian^ (CAS*) .45 
beriutzt, urn das Schreiben der Dateh auszufuhren, 
und dadurch, daB die Generatormittel durch das er- 
ste Signal veranlaBt werden, Spaltenanwahlsignale 
(CAS*) an die Bildelemente-Speicherplatze anzu- 
Jegen, die Bitpqsitioneri; der Maske entsprechen, so 
welche ein en ersten Bjtwert anzeigen, und ein en 

; zweiten Satz Spaltenanwahlsignale (CAS*) an die 
: Bildelemente-Speicherplatze anzUleg0P, die Bitpd- 
sitionen der Maske entsprecheh, welche einen 
zweiten Bitwert anzeigen. V ss 

, . 6. Anzeigesystem gemaB eipemder vorhefjgehenden 
Anspruche, dadurch gekennzeichnet, daB die Re- 
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gistermittel wahrend eines ersten Teils des Spei- 
cherzykius die erste aus dem Paar codierter Farben 
anzeigen und wahrend eines zweiten Teils des Zy- 
klus die zweite aus dem Paar codierter Farben an- 
zeigen, wobei das Farbenpaar wahrend des einzel- 
nen Speicherzykius in alle 4x4 Bildelemehte-Unter- 
satze der Module geschrieben wird. 

7. Anzeigesystem gemaB einem der vprhergehenden . 
Anspruche, , wobei die Bitmaske Bitpositionep mit 
zugebrdneten Werten enthajt, die definieren, wel- 
che Bildelemente in einem n x m Bildelemente-Un- 
tersatz des Bildelementebildes eine der Farben er- 
halten, wobei innerhalb der vlelzahl der Speicher- 
module jedes Mpdul aus einem Satz Untermodule 
bestehtj wobei eine Zeile aus h Bildelemeriten in ei- 
nem Bildelemente-Untersatz in verschachtelter 
Form in einer Zeile aus n Untermodulen des Spei- 
chermoduis gespeichert wird, wobei zusatzliche 
Folgen aus n Bildelementen in Bildelemente-Unter- 
satzen innerhalb der Zeile in verschachtelter Form 
in Untermodulen aufeinanderfdlgender Speicher- 
module gespeichert werden urid alle Speichermo- 
dule parallelgeschaftet sind; 

wobei jedem Speichermodul Generatormittel 
fur die Spaltenanwahlsignale (CAS*) zugeord- 
net sind, um Spaltenanwahlsignale (CAS*) an- 
zulegen, die die Daten zum Einschreibeh in Un- 
termodule des zugeordneten Speichermoduls 
freigeben; 

wobei Steuerungsmlttel bewirken, daB die Ge- 
heratorrhittel fur die Spaltenanwahlsignale 
(CAS*) unter Steuerung der Werte der Bitposi- 
. tionen der Bitmaske die codierten Farbdaten in 
Speicherbereiche innerhalb der -Untermodule 
schreiben, . die den Bjldelemente-Untersatz 
speichern, wobei ein Farbwert parallel in eine 
A^ielzahl Speichermodule geschrieben wird. 

8. Anzeigesystem gemaB Anspruch 7, dadurch ge- 
kennzeichnet, daB alle Speichermodule zu dem An- 
zeigemitte! parallelgeschaltet sind. 

9. Anzeigesystem gemaB einem; der Anspruche 7 
oder 8, desweiteren umfassend: 

eine zusatzliche Vielzahi Speichermodule, die 
. an die Anzeigemittel angeschlossen sind, wp- 
; bei die Speichermbdule in Zeilen und Spalten , 
angeordnet sind und die; Steuerungsmlttel das . 
Schreiben der Farbdaten in : verschachtelte 
Bildelemente-Speicherplatze der Speichermo- 
duje freigeben. 

10. Anzeigesystem gemaB einem der Anspruche 7 bis 
9, desweiteren umfassend: 
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zusatzliche Mittel zum. Anzeigen der codierten 
Farbdaten, wobei alle Mittel zum Anzeigen der 
codierten Farbdaten, die. codierten Farbdaten 
. parallel anzeigen, jedes der Anzeigemittel par- 
allel an eine Vielzahr Speichermoduje ange- s 
schlosseh: ist und :wobei; die Steuerungsmittel 
so betrieben werden, daB sie bewirken, daf3 al- 
le farbcodi.erenden Daten parallel und in ver- 
schachte Iter Form in : die arigeschlossenen 
Speichermodule geschriebenwerden. 10 



Revendlcations 

1. Systeme d'affichage comprenant un moyen de me- is 
mprisation adapts pour, recevbir des donn6es 
d'image de pixels compress6es manifestaht au 
rnoins une paire de cpuieurs cpd6es et un masque 

de bit comprenant des positions de bits avec des 
valeurs affect6es : qui d6finissent quels pixels dans. 20 
un sous-ensemble de pixels de ladite Image de 
pixels recoiyent Tune desdites couleurs, ledit syste- 
me comprenant en outre : ;■ 

une plurality de modules de memoire destines 2s 
a la memorisation desdits pixels; lesdits modu- 
les de memoire etant adaptes pour memoriser 
lesdits pixels dans un dit sous-ensemble de 
pixels d'une facon entrelac6e, de telle sorte que 
chaque pixel d'un. dit sous-ensemble de pixels 30 
reside dans un module de memoire different, 

un moyen de g6n6rateur destine a appliquer 
des signaux afin d'amener les donn6es a etre . 
: : 6crite en parallele dans ladite plurality de mo- 35 
dules, 

. un moyen de regist re destine a man if ester les- 
dites donn6es ; de couleur -cod6es, et 

• •; :"• • •: v ; --'/-/-'''--: : ■■■■■■<> :;y ' -- / 40 

un moyen destine\ a commander ledit moyen de 
g6n6rateur afin d'jScrire les dorin6es de couleur 
qui sbnt cbd6es.au moyen :.desdites : dbnnees 
d'image de pixels compress6es et ledit masque 
de bit dans toutes les positions de pixels dudit 45 
sous-ensemble de pixels d6sign6 pour ladite 
couleur par lesdites positions de bits de mas- 
que, 

2. . Systehne; d'affichage selon; la revindication i , dans so 

lequel ladite pairede cbuieurs cod6es est 6crite en 
paralieie dans lesdits modules de rh empire suivant 
un cycle .de m6moire unique, chaque dite position 
de bit du masque de bit 6tant topographi6e sur un 
module de m6mbire particulier, ledit systeme com- 55 
". prenant en outre : 



premier signal pendant ledit cycle de m6moire 
unique afin de mettre en oeuvre ledit moyen de 
g6n6rateur pour 6c r ire les premieres donn6es 
decpu I eurcod6es dans lesdits mod u les de me- 
moire sous ia commande des premieres mani- 
festations de valeur desdites positions de bit du 
masque et afin d'activer un second signal pen- 
dant tedit cycle de m6moire unique afin d'6crire 
des secpndes dpnn6es de couleur cod6es 
dans lesdits modules de ^empire sous la com- 
mande des secon des manifestations de valeur 
desdites positions de bit du masque. 

Systeme d'affichage sejon la revendication 2, dans 
lequel lesdits premier et second signaux sont acti- 
ves de facon a ee que des parties de ceux-ci se re- 
cpuvrent. 

Systeme d'affichage selon Tune quelconque des re- 
vendications pr6c6dentes, dans lequel lesdits mo- 
dules de memoire comprennent un tableau 4x4 de 
modules, des sous-ensembles de donn6es de 
pixels 4x4 dans lesdits modules etant entrelac6sde. 
facon a ce que chaque pixel dans un dit sous-en- . 
semble de donn6es de pixels 4x4 reside dans uh 
dit module different dudit tableau. 

Systeme d'affichage selon Tune quelconque des re- 
vendications prec6dentes, dans lequel chaque dit 
module est une memoire vive video qui; utilise des 
signaux de validation d'adresse de ligne (RAS*) et 
de validation d'adresse de coionne (CAS*) appli- 
ques en mdme temps afin d'accomplir des ecritures 
des donn6es et dans lequel ledit moyen de gene- 
rates est active par ledit premier signal afin d'ap- 
pliquer les signaux de validation d'adresse de co- 
lonnes (CAS*) aux positions de memorisation de 
pixels correspondant aux positions de bits du mas- 
que qui manifestent une valeur de bit d'un premier 
type, et afin d'appliquer un second ensemble de si- 
gnaux de validation d'adresse de coionne (CAS*) 
aux positions de memorisation de pixels correspon- 
dant aux positions de bits du masque qui manifes- 
ted des valeurs de bit d'un second type. 

Systeme d'affichage selbh I'une quelconque des re- 
vehdications pr6c6dentes, dans lequel ledit moyen 
de registre manifeste ladite premiere couleur parmi 
ladite paire de couleurs cod6es pendant une pre- 
miere partie dudit cycle de m6moire et une seconde 
couleur parmi ladite paire de cpuieurs pendant une . 
seconde partie en me moire dudit cycle, d'ou il re- 
suite que ladite paire de cpuieurs est 6c rite dans la 
totality desdits sous-ensembles de pixels 4x4 dans [i 
lesdits modules dans ledit cycle de m6moire uni- 
que. 



un moyen de commande destine a activer un 



7. Systeme d'affichage selon Tune quelconque des re- 
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vendications pr6c6dehtes, ledit masque debitcom- 
prenant des positions de bits avec des valeurs af- 
fect6es qui d6finissent quels pixels dans un. sous- 
ensemble nxm de pixels de- ladite image de pixel 
recoivent Tune desdites couleurs, s 

dans ladite plurality tie; modules de m6moire, 
chaque module est cohstitud d'un ensemble de 
sous^modules, une lignejde n pixels dans un . 
sous-ensemble de pixels 6taht m6morisee de 10 
facpn r^partie sur une lighe den sous-modules 
daps uh module de m6moi re d'une fa£on entre- 
Iac6e, une s6rie suppl6mentaire de n pixels, 
dans des spus-ensembles de pixels dans ladite 
ligne 6tant m6moris6e d'une facon entrelac6e is 
en sous-modules dans des modules de memoi- 
re successifs, la totality desdits modules de 
m§moire §tant relj§s en parallele, 

un moyen de g6p6rateur de validation d'adres- 20 
se.de colonne.(dAS*) 6tant assoc|6 a chaque 
module de m^mpire afin d'appliquer les si- 
gnaux : de validation d'adresse de colonne 
(CAS*) pour permettre que les donn6es soient 
^critesdanslesspus-modulesal'int^rieurdudit 25 
module de m6moire associe\ :■. 

un moyen de commande.destindaamener ledit 
moyen de g6n6rateur de validation d'adresse 
de colonne (C AS*) £ $crire lesdites donn6es de 30 
couleur ccxtees dans des zones de memorisa- 
tion a I'ihterieur desdits sbus-modules mSmori- 
sant ledit spus-ensemble de pixels, sous la 
comrnande desdites valeurs de position de bit 
: / du masque de brt, d'ouU 35 
de cou leur est 6c rite en parallele, d'une facon 
r6partie sur urie pluralite desdits modules.de 
mSmoire. 

8. Systeme d'affichage selon la reyendication 7, dans ; 40 
lequei la totality desdits modules de memoire est 
reli6e eh parallele auxdits moyens de manifesta- 

■' tioh. : • ■ ' ■ ' . 

9. Systeme d'affichage selon la revendication 7 ou la 45 
revehdicatidn 8 comprenant en outre : : 

des pi u raj jt6s, supplemental res desdits modu- 
les de m6moire reli6es auxdits moyens de ma- 
nifestation, I esdits modules de mfmoire 6tant so 
. agencds en colonnes et eh lignes, d'pu il result e 
que ledit moyen de comrnande permet que des 
donn6es de couleur soient 6crites dans des po- 
sitions de memorisation de ; pixels entrelac6s, 
dans lesdits modules de m6mbire. ss 

, 10. Systeme d'affichage selon I'uhe quelconque des re- 
! vendications 7 a 9 comprenant en outre : 



un moyen supplSmentaire destine" a mahif ester 
lesdites donn6es cod6es de couleur, la totality 
desdits moyens destinee a manif ester indi- 
quant lesdites dpnnies de couleur codecs en 
parallele, chaque dit moyen de manifestation 
6tant relief en parallele a une plurality desdits 
modules de m6moire, d'ou il r§sulte que ledit 
moyen de comrnande est mis en oeuvre pour 
amener chacune desdites donn6es cod6es de 
couleur a 6tre 6crite dans lesdits modules de 
m6moire reij6s d'une f aeon ehtrelaceVet en pa- 
rallele. 
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